The Great Valley basin of California (USA) is an archetypal forearc basin, yet the timing, structural style, and location of basin development remain controversial. Eighteen of 20 detrital zircon samples (3711 new U-Pb ages) from basal strata of the Great Valley forearc basin contain Cretaceous grains, with nine samples yielding statistically robust Cretaceous maximum depositional ages (MDAs), two with MDAs that overlap the Jurassic-Cretaceous boundary, suggesting earliest Cretaceous deposition, and nine with Jurassic MDAs consistent with latest Jurassic deposition. In addition, the pre-Mesozoic age populations of our samples are consistent with central North America sources and do not require a southern provenance. We interpret that diachronous initiation of sedimentation reflects the growth of isolated depocenters, consistent with an extensional model for the early stages of forearc basin development.
INTRODUCTION
Forearc basins occupy a critical tectonic zone above subducting plates, and their strata contain a record of subduction-related orogenesis (e.g., Dickinson, 1995; Hessler and Sharman, 2018) . However, these basins have low preservation potential due to active-margin shortening and/or destructive phases (e.g., Fildani et al., 2008) , and therefore, the mechanisms of initial basin formation are not well understood. The Great Valley basin of California (USA) has been the focus of more than 100 years of exploration, including detrital zircon (DZ) provenance studies that have revealed sediment dispersal patterns (DeGraaff-Surpless et al., 2002; Dumitru et al., 2012; Sharman et al., 2015) , but also called into question stratigraphic age constraints on the timing of initial basin sedimentation (Surpless et al., 2006) . Uncertainty regarding the age of the basal Great Valley Group (GVG) impedes our understanding of how the incipient forearc basin developed as the west coast of North America became a consolidated, two-plate subduction system (e.g., Ernst, 1970; Dickinson, 1995) . Here we provide a record of the initiation and provenance of sedimentation within this archetypal forearc basin.
We revisit the timing of the earliest GVG sedimentation using U-Pb geochronology of 20 new DZ samples collected from basal GVG strata (Fig. 1) . All samples were collected from strata mapped as Upper Jurassic based on biostratigraphy (Jones et al., 1969; Imlay and Jones, 1970) . Eighteen (18) of our 20 samples contain Cretaceous zircons, with nine samples yielding statistically robust Cretaceous maximum depositional ages (MDAs). As first noted by Surpless et al. (2006) , a Cretaceous age revision for the basal GVG: (1) lengthens the time interval between initiation of subduction and onset of forearc basin sedimentation; (2) lengthens the duration of the unconformity between the GVG and its underlying basement; and (3) doubles the thickness of Lower Cretaceous GVG strata.
Our results document diachronous accumulation in the earliest Great Valley forearc region, with sedimentation beginning in either Late Jurassic or Early Cretaceous time along the length of the Sacramento Valley forearc basin. We suggest that initial Great Valley forearc sedimentation occurred in isolated latest Jurassic-earliest Cretaceous sub-basins that overfilled to form a larger, single forearc basin during Early Cretaceous time (DeGraaff-Surpless et al., 2002) . Documenting the birth of this ancient forearc basin permits improved understanding of the early stages of forearc basin development as well as the Mesozoic development of the central-western margin of North America.
GEOLOGIC SETTING
The Great Valley forearc basin developed between the Franciscan subduction complex to the west and the Sierra Nevada magmatic arc to the east (Fig. 1; Dickinson, 1995) . Sediment initially accumulated unconformably on ophiolitic basement, broadly termed the Coast Range ophiolite (CRO), which lies structurally above the Franciscan complex (Bailey et al., 1970) . The timing of the onset of Farallon subduction beneath western North America and the tectonic origin of the CRO are controversial (e.g., Dickinson et al., 1996) . In one model, eastward subduction of the Farallon plate beneath North America within a two-plate system was active by 180-165 Ma (Wakabayashi, 1992; Mulcahy et al., 2018) , and the CRO formed during extension in the forearc region of an east-dipping Franciscan subduction zone 172-164 Ma (Saleeby, 1996; Shervais, 2001 ). This subduction margin remained primarily non-accretionary for its first ~50 m.y. and became strongly accretionary at ca. 123 Ma (Dumitru et al., 2010; Wakabayashi, 2015) .
In an arc-arc collisional model, the Smartville and Great Valley ophiolite segments of the CRO formed as backarc ophiolites atop a west-dipping subduction zone offshore western North America (Schweickert and Cowan, 1975; Ingersoll, 2000 Ingersoll, , 2019 Schweickert, 2015) . These ophiolites and island arcs accreted onto the California margin during the Sierran phase of the Nevadan orogeny ca. 162-155 Ma (e.g., Ingersoll, 2008) . By 150 Ma, the margin was a consolidated two-plate system with eastward subduction generating arc magmatism and initiation of sedimentation of the GVG atop the Great Valley ophiolite.
In both models, the provenance of the GVG is constrained to the Klamath-Sierran magmatic arc by sandstone petrography (e.g., Ingersoll, 1983) , DZ geochronology (e.g., DeGraaff-Surpless et al., 2002) , isotopic analysis (e.g., Linn et al., 1992) , paleocurrent analysis (e.g., Ingersoll, 1979) , and mudstone geochemistry (Surpless, 2014) . In contrast, a translational model places basal GVG deposition south of the Sierra Nevada, with postulated northward translation to its current position west of the Sierran arc complete by ca. 120 Ma (Wright and Wyld, 2007) .
BASAL STRATIGRAPHIC AGE
The Late Jurassic age assignment of the basal GVG is based on two Tithonian zones of the pelecypod Buchia (B. piochii and B. aff. B. okensis) and association with ammonites (Jones et al., 1969; Pessagno, 1977) . However, calibration of the ammonite stratigraphy with Lower Cretaceous calcareous nannofossils and interbedded radiometrically dated tuff horizons indicated that the B. aff. B. okensis zone is Berri asian (Bralower, 1990) . Rare Late Jurassic to Early Cretaceous Buchia fossils within the Franciscan Complex were interpreted as reworked deposits within Cretaceous strata, based on abundant Cretaceous DZs (Dumitru et al., 2015 (Dumitru et al., , 2018 . Thus, the presence of Buchia, in the absence of other age-diagnostic fossils, may not be a reliable age constraint. Surpless et al. (2006) collected seven samples from documented Buchia localities of Jones et al. (1969) within basal GVG strata. Although each sample included only 17-45 Mesozoic zircon grains, Cretaceous zircon composed >5% in each. Another sample from GVG strata mapped as Tithonian also contained ~5% Cretaceous zircon (Surpless, 2014) . These ages suggest Early Cretaceous rather than Late Jurassic initiation of basal GVG sedimentation. Given contradictory DZ and biostratigraphic age constraints, we seek to clarify the timing of deposition of the basal GVG.
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METHODS AND RESULTS
We collected 20 medium-grained sandstone samples from strata in four study regions mapped as "Jurassic marine" (Fig. 1 ; Jennings et al., 1977) , including known Buchia localities identified by Jones et al. (1969) . All samples are within mapped "Jurassic" strata, <1-4.3 km from the CRO contact. We analyzed 11 samples using laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) following the methods of Gehrels et al. (2008) and Gehrels and Pecha (2014) , and nine samples using sensitive high-resolution ion microprobe-reverse geometry (SHRIMP-RG) following the methods of DeGraaff- Surpless et al. (2002) (see Tables DR1  and DR2 in the GSA Data Repository 1 ).
We used the detritalPy software toolset to calculate the MDA for each sample (File DR3). Dickinson and Gehrels (2009) demonstrated the utility of DZs for calculating MDAs in retroarc samples, noting that the youngest single grain corresponded to the true depositional age (TDA) 90% of the time. Coutts et al. (2019) found that the method of using the youngest cluster of three or more grains that overlap within 2σ uncertainty [YC2σ(3+)], which we apply here, is the most conservative in that it produces ages that are equal to or older than TDAs, but not younger than TDAs. Our forearc samples are likely to yield MDAs similar to TDAs, given their proximity to the Sierra Nevada-Klamath magmatic arc and application of n = 300 in 11 of 20 samples; however, because we use YC2σ(3+) rather than less-conservative methods (Coutts et al., 2019) , our calculated MDAs may be older than TDA. Although 18 of 20 samples contain Cretaceous zircon, only nine samples yield robust Cretaceous MDAs, which range from 135.44 ± 0.19 to 144.37 ± 0.57 Ma (Fig. 1) . Eleven samples yield Jurassic MDAs that range from 145.82 ± 0.38 to 153.34 ± 0.97 Ma (Fig. 1 ). Samples with Cretaceous or Jurassic MDAs are interspersed along strike in the basal GVG (Fig. 1) .
We obtained LA-ICP-MS U-Pb ages from two CRO samples adjacent to the stratigraphically deepest forearc strata ( Fig. 1 ; Table DR1 and Fig. DR1 ). At Grindstone Creek, titanite separated from a gabbro block in serpentinite located at the contact between the CRO and GVG yielded a U-Pb age of 166.6 ± 4.5 Ma. At the McLaughlin Reserve, we obtained a zircon U-Pb age of 163.6 ± 2.0 Ma from a plagiogranite 2 km from the upper contact of the CRO.
DISCUSSION AND CONCLUSIONS
We interpret the nine samples that yield robust Cretaceous MDAs as Lower Cretaceous, rather than Upper Jurassic. Of the remaining 11 samples, two have robust MDAs that overlap the 145 ± 0.8 Ma (Ogg and Hinnov, 2012 Using published and new ages for the CRO from our four study regions, the duration of the unconformity between CRO formation and GVG deposition varies along strike, from ≤15 m.y. to ≤23 m.y.. The contact between the CRO and GVG is depositional at Elder Creek, but faulted at the other three localities; uncertainty in the estimated unconformity duration results from the potential removal of section by faulting and the location of our lowest GVG samples as much as 1.8 km above the basal contact. Samples in all areas are well within mapped "Jurassic" strata, requiring revision of the age of the GVG strata at these locations. Our titanite U-Pb age of ca. 166 Ma from the uppermost CRO at Grindstone Creek and zircon U-Pb age of ca. 164 Ma near the top of the CRO at the McLaughlin Reserve are consistent with the age for CRO formation in the Sacramento Valley segment of the forearc (e.g., Shervais et al., 2004) .
We interpret the estimated duration of the unconformity as resulting from sediment star-vation following formation of ophiolitic basement in either a forearc or backarc setting. DZ data from the oldest Franciscan metagreywacke yield MDAs of ca. 144 Ma (Dumitru et al., 2010; Snow et al., 2010) , indicating a lack of significant Franciscan trench sedimentation prior to ca. 144 Ma. Many forearc systems switch between non-accretionary and accretionary during their life cycles (e.g., Noda, 2016) , and Dumitru et al. (2010) interpreted this margin as predominantly accretionary beginning ca. 123 Ma. The absence of an accretionary outer forearc high prior to ca. 123 Ma suggests that a different mechanism was responsible for trapping the latest Jurassic-earliest Cretaceous sediments.
Extension in the forearc region, combined with thermal relaxation of newly formed oceanic crust and/or subduction erosion processes, can drive development of accommodation space (von Heune and Scholl, 1991; Fildani et al., 2008; Dewey and Casey, 2011) . We suggest that latest Jurassic-Early Cretaceous extension of the Great Valley forearc resulted in deep, isolated, fault-bounded depocenters that accumulated sediment at different times, consistent with previous interpretations of extension during the early stages of GVG sedimentation (Constenius et al., 2000; Hitz and Wakabayashi, 2012) . Hitz and Wakabayashi (2012) suggested that serpentinite deposits within the Franciscan Complex and basal GVG formed during 150-135 Ma extension and diapirism in the forearc region. Similar deposits are observed along extensional faults in the modern Marianas forearc (Fryer et al., 2000) .
GVG samples with Jurassic MDAs have 55% pre-Mesozoic grains, and the oldest Franciscan metagraywackes with 144 Ma MDAs have 42% pre-Mesozoic grains (Dumitru et al., 2010; Snow et al., 2010) , suggesting significant input from the continental interior at the onset of sedimentation. A comparison of the pre-Mesozoic DZ signature of our samples with that of a compilation of coeval retroarc strata in the conterminous United States (Laskowski et al., 2013, and . (2013; gray and dark gray, respectively) ; specific foreland data sources are given in the Data Repository (see footnote 1) . N is the total number of samples, and n is the subset of U-Pb ages in each plot shown as a function of the total number of U-Pb ages in each sample.
shared North American sources. Pre-Mesozoic DZs from the oldest Franciscan metagreywackes suggest similar provenance (Dumitru et al., 2010; Snow et al., 2010) . Wright and Wyld (2007) inferred that Precambrian DZs from the basal GVG were derived from sources in the southwestern Cordillera and the Oaxaca terrane of Mexico, suggesting that Late Jurassic-earliest Cretaceous deposition occurred in a basin located ~400 km south of the Great Valley basin's current position. Specifically, Wright and Wyld (2007) interpreted the absence of a ca. 1200 Ma DZ component in their compilation as missing a Grenville-age population necessary to tie the GVG to central North America. Our basal GVG zircon data include the 1000-1200 Ma Grenville signature (Fig. 2) . Thus, we infer that Wright and Wyld's (2007) analysis was compromised by their relatively small data set (n = 198) and that the GVG does not require southern provenance.
Taken together, our age and provenance data from basal GVG strata support a model in which the latest Jurassic to Early Cretaceous forearc system was largely extensional, consistent with previous interpretations of seismic reflection profiles and gravity modeling that indicate that as much as 7 km of Late Jurassic to Early Cretaceous deposition occurred within accommodation space created by synsedimentary normal-fault systems (Constenius et al. 2000) . In this setting, preservation of latest Jurassic strata within the underfilled forearc would have occurred only in structurally controlled sub-basins ( Fig. 3) . DZ ages from the oldest strata would record a mix of Triassic and Jurassic arc magmatism as well as a significant component of pre-Mesozoic basement. With a shift to an accretionary margin in mid-Early Cretaceous time and contemporaneous growth of the magmatic arc (e.g., Paterson and Ducea, 2015) , the outer forearc high would have ponded the increased sediment volume within a more coherent forearc system (Fig. 3) . GVG DZ signatures from Cretaceous strata would be dominated by Mesozoic arc ages, with relatively fewer pre-Mesozoic grains (e.g., Sharman et al., 2015) . Our DZ data document this shift in relative source abundance, as samples with Jurassic MDAs have 55% pre-Mesozoic grains, whereas Cretaceous samples have 37%. Moreover, our depositional age revisions nearly double the thickness of Lower Cretaceous GVG strata, consistent with increased Cretaceous sedimentation rates and arc unroofing.
Our study highlights the utility of large-n DZ analysis to reconstruct the early stages of forearc sedimentation, including the development of isolated depositional centers, and improves our understanding of the Mesozoic development of the central-western margin of North America. Other continental forearc basins, such as the Lancones, Talara, Sechura, and Tumbes basins of Peru, show similar diachroneity and fragmented depositional centers at basin inception, followed by the development of more coherent basin fill (e.g., Fildani et al., 2008; Hessler and Fildani, 2015) . Similarly, in island arc-forearc systems such as Sumatra-Java, isolated basins are structurally controlled by basement highs (e.g., Kopp et al. 2002) . Thus, this "fill-andspill" evolution may be more common in forearc systems than has been previously recognized, and the Great Valley forearc provides an excellent ancient onshore example.
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